The paper models multiproduct supply response in agriculture and tests key assumptions traditionally maintained in supply response studies. The technology is approximated by a restricted profit function. The properties of the restricted profit function are imposed during estimation. The hypothesis that maintains the existence of output price and quantity indexes that satisfy the adding-up property is rejected. The existence of individual production functions for each output is also rejected. Unless joint production is permitted, the estimates of responsiveness of a particular commodity to changes in own price or prices of competing outputs are likely to be considerably understated.
Statistics of income by type of farm (Somwaru) document the prominence of the multiproduct farm firm. Yet, most models of supply response in agriculture focus on aggregate (across commodities) supply or on own-price response for a single commodity. Moreover, models that do recognize multiple outputs typically specify transformation functions which impose severe a priori restrictions on the structure of production (Vincent, Dixon, and Powell).
The most common functional structure assumption is separability, which ensures consistent aggregation within these structures. It allows decentralized decision making or, equivalently, optimization by stages. This opens up the possibility of multistage estimation of production decisions using consistent aggregates in the latter stages.
A further assumption is nonjointness of production. The multiproduct firm can be modeled as single-product firms with inputs allocated among the different production activities. The only constraint across the individual technologies is that the total input utilization not exceed the aggregate input endowment.
The objectives of this paper are to model supply response in agriculture using disaggregated output data and to test statistically key assumptions traditionally maintained in agricultural supply response studies. The technology in agriculture is approximated by a restricted profit function. Estimation of the restricted profit function model necessitates a strategy where both nonlinear equality and inequality constraints can be imposed. The restrictions used to perform the separability and nonjointness tests are nonlinear equalities. Moreover, the ability to impose nonlinear inequality constraints is necessary to ensure that the empirical model of economic behavior is consistent with theory. If the estimated restricted profit function does not satisfy theoretical curvature restrictions, it is not possible to maintain the assumption of profit-maximizing behavior and hence test for functional structure.
The article is organized as follows. The next section discusses the restricted profit function model and presents restrictions from economic theory. These restrictions on the empirical model are imposed as part of the maintained hypothesis. An examination of separable and nonjoint production structures completes this section. In subsequent sections, the estimation procedure and data are described and empirical results are presented. Some concluding comments are offered in the final section.
where Y,(P; X) is the profit-maximizing level of output supply (input demand) if i is an output (variable input). Hence, 7T(P; X) is assumed twice continuously differentiable in all its arguments.

Separable and Nonjoint Structures
Functional representation theorems for separable and nonjoint structures have been proved by Lau (1972 Lau ( , 1978a The right-hand side of (5) is independent of variable input prices and fixed inputs. Furthermore, the left-hand side can be written as (ala/h) ln(ag/ah), which is a function of h alone. Thus, by successive integration we obtain g(P; X) = f(h)g,(P,+,, . . . , PM; X) + g2(P+1, .
? PM: X), which becomes, in order to satisfy (4), (6) g(P; X) = g,1(P,+1, ..., PM; X) Sh(P,) + g2(Pt+, . . . , P; X). If there is free entry into an industry, then T exhibits the property of additivity, i.e., Z, Z' E T implies Z + Z' E T (Debreu, p. 42). Additivity together with convexity implies that T is a cone, i.e., Z E T, A > 0, implies AZ E T (constant returns to scale). 
Under the assumptions on T, the restricted profit function is homogenous of degree one in fixed inputs. This requires The approximating function to an underlying convex function will exhibit this property at the point of approximation. In particular, the approximating function will have its hessian matrix positive semidefinite at the point of approximation. Lau (1978b) has shown that every positive semidefinite matrix has a Cholesky factorization. The hessian of the restricted profit function can then be written as Test statistics for hypotheses on the structure of production are reported in table 5. The hypothesis of weak separability in output prices is rejected at the 1% level. Hence, we reject the existence of price and quantity indexes that satisfy the adding-up property.
The hypothesis that the technology is nonjoint in inputs is also rejected. The rejection of this hypothesis is consistent with the observation of multiproduct farms. This result is of particular interest to researchers who have attempted to model production of an individual commodity in isolation of other production activities which may coexist on the farm. In addition, it suggests careful consideration of policies which may be directed at a single output. Specifically, this result suggests that such policies may be expected to affect all production decisions, not simply those made with respect to the particular commodity for which the policy is targeted.
For completeness, the hypotheses of output separability and input nonjointness are tested simultaneously. The results reported in table 5 lead to the rejection of the null hypothesis that each output is produced according to an affinely homothetic production function. Table 6 reports gross elasticities of supply and demand for the maintained model. Estimation of this model subject to theoretical curvature restrictions ensures positive (negative) own-elasticities of supply (demand). Sakai defines a "normal" technology as satisfying the following conditions: (a) the marginal cost of an output tends to increase when the quantities of other outputs decrease or when the prices of inputs increase, and (b) the marginal revenue of an input increases when quantities of other inputs increase or when output prices increase. These conditions on the technology are sufficient to show that the outputs jointly produced are never gross substitutes, nor are the inputs employed, and that the input-output relations are not regressive. These results are extremely important because they imply a set of inequality restrictions on the entire matrix of gross elasticities. All elasticity estimates satisfy the normal case restrictions when evaluated at the point of approximation.
The own-elasticities of supply are generally less than unity; only the supply functions for livestock and "other crops" are price elastic. The gross complementarity of outputs suggests that an increase in the price of a particular output would result in increased production of all outputs. This would occur only if the increase in input usage resulting from an output price increase shifted the product trans- formation frontier outward sufficiently to allow absolute increases in all outputs. The magnitude of the input demand elasticities with respect to output prices suggests that this may, indeed, be the case. The input demand functions are generally price elastic. Of particular interest is the evidence that the demand for hired farm labor is elastic. This has important implications for the analysis of the effects of farm labor unionization. The estimates suggest that returns to hired farm labor and the level of farm employment may decrease dramatically as a consequence of increasing effective wages associated with unionization.
An increase in the hired labor wage rate would result in absolute reductions in all outputs as well as induce changes in the composition of output. Finally, the gross complementarity of the inputs suggests that the reduction in output would be accompanied by reductions in the demand for all factors of production.
Concluding Comments
The objective of this paper has been to model supply response in agriculture without imposing separability or nonjointness as part of the maintained hypothesis. First, the implications of these assumptions for the form of the restricted profit function were examined. Both special forms of the technology were rejected. The rejection of separability restrictions suggests that consistent aggregation of the outputs is not possible. The existence of individual production functions for each output was also ruled out. Unless joint production is permitted, the resulting estimates of responsiveness of a particular commodity to changes in own price and prices of competing outputs are likely to be considerably understated.
The tests of restrictions on the structure of production were carried out under the maintained hypothesis of theoretical consistency. That is, the properties of the restricted profit function were imposed during estimation. While it is known that the imposition of inequality constraints does not affect the Cramer-Rao lower bound for the variance of the estimator (Rothenberg, p. 50), it is still important to impose the curvature restrictions implied by economic theory.
The derivation of the separability and nonjointness restrictions rests upon the properties of a well-behaved restricted profit function.
More specifically, these properties allow for a dual interpretation of the technology. If these properties are not present, the duality theorems do not apply; consequently, the hypothesis tests have no economic interpretation. Thus, the tests of the null hypothesis of functional structure is actually a joint test of functional structure/theoretical consistency against the alternative of theoretical consistency. Unless the data yield empirical estimates under the null and alternative hypotheses that are theoretically consistent without constraints, the constraints must be imposed. 
